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?????? OB = J2x + J2y + J2z?O02 = (2J2z   J2x   J2y )=
p
3?O22 = J2x   J2y?Oyz = JyJz  JzJy?
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?????????????????????????????????????????
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4 f ???????? r(r)?4 f ??????????????V (r)?????????
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r(r) xi x j d3r
????Ze??????????? (?????)??????????????????
???????????????????????????Pi? (??)????????
(?????)???????????????????????? r(r) = r( r)????
???????Pi = 0???????????????????????????????
? Pi??????????????Qi j? (??)???????? (2???????)??
??????????????????? Jx?Jy?Jz? 2???????????
G1 ??? OB = J2x + J2y + J2z
G3 ??? O02 = (2J2z   J2x   J2y )=
p
3; O22 = J
2
x   J2y














4 ? 1? ??
1.3 ??????DyCu???DyAg???
???????? G1????G3?????? G5?????????????????







?????? DyCu??? DyAg???? CsCl? (??? Pm3¯m)??????????
??????????????????????????? 4????? h1 1 1i????
???????????????????? 3??? Fourier?????????????
triple-q??????
S(ri) = S1 exp(iq1ri) + S2 exp(iq2ri) + S3 exp(iq3ri) (1.3)
????S(ri)??? ri?????????S1 = [ 1p3 0 0]?S2 = [0
1p
3
0]?S3 = [0 0 1p3 ]??
?????????????????q1 = [0 12 12 ] 2pa ?q2 = [12 0 12 ]2pa ?q3 = [12 12 0]2pa (a??








Ale´onard???????? 20 T???????????DyCu??? 3???????
???H k [0 0 1]?? 2???H k [1 1 0]???H k [1 1 1]???????1?????
??????????? [8]?Amara????????? 16 T????????????
??DyCu??? 3????????????????????????????????
1.3. ?????? DyCu??? DyAg??? 5
? 1.2: DyCu? DyAg?????????????
H k [0 0 1]?? 1????????????? 2??????????????????
? [11]????????Ale´onard???? Amara??????????????????
??????????????????????????????Kakeya???????
? 60 T???????????DyCu??? 3??????????? 1.3???????
H k [0 0 1]?? 2???H k [1 1 0]?? 3???H k [1 1 1]?? 4???????????
???????? [12]?
DyAg??????Morin & Date??????????? 40 T???????????
? 3??????????DyCu?????H k [0 0 1]?? 2???H k [1 1 0]?? 3???
H k [1 1 1]?? 4????????????????????????????????
??????????? [13-15]?Ubukata????????????DyAg???????
??????Morin & Date????????????????????????????
???????H k [0 0 1]?? 1?? 2??????????????????? [16,17]?
???Morin & Date????????????????????????????????
????Yoshii???DyAg??? 3??????????????? 1.4???????




































?????H k [1 1 1]?? 1????????????????
8 ? 1? ??
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Dy (99.9 %)? Cu (99.99 %)??? Ag (99.999 %)?????????????????
???????????????DyCu???DyAg?????????????????
???????????????????????? (FZ?: Floating Zone method)???
??????????????????????DyCu???DyAg??????????
?????????????????????????????????X????????
X?????????RINT2500????????Cu?? (?? 40 kV??? 200 mA)??




????Quantum Design??MPMS (Magnetic Property Measurement System)??????
????????? (SQUID: Superconductiong Quantum Interference Device Magnetometer)
12 ? 2? ????
????????????????????? [0 0 1]?[1 1 0]?[1 1 1]???????? 0.1 T
??????????? 2? 300 K????
2.2.3 ?????
DyCu???DyAg???????????????????????????????
???????? Quantum Design?? PPMS (Physical Property Measurement System)??
????? 4????????????????? 200 mA????? 10 Hz??????
???? 2? 300 K????
2.2.4 ????
DyCu???DyAg????????????????????????????PPMS (Quan-
tum Design?)?????????????????????? 2? 295 K????
2.3 ?????????
2.3.1 X???
DyCu??? DyAg? X??????????? 2.1?? 2.2????????????




? a= 0:361 nm????
2.3.2 ?????
? 2.3(a)?DyCu????????????? 2.4(a)?DyAg????????????
??????DyCu??? DyAg????H k [0 0 1]?[1 1 0]?[1 1 1]?????????
????????H k [0 0 1]??????????? 2.3(a)?????????DyCu??
????? (Ne´el??)? TN = 62:0 K????????????????????????
? [2-4]?????? 2.4(a)???DyAg? Ne´el??? TN = 55:0 K??????????
2.3. ????????? 13
? 2.1: DyCu?????? X??????????
? 2.2: DyAg?????? X??????????
14 ? 2? ????
? 2.3: DyCu? (a)?????? (b)???????????
2.3. ????????? 15
? 2.4: DyAg??????????????????
16 ? 2? ????
? [5-7]????????? 2.4???????????????? T1?? (triple-q???
$double-q???)??? T2?? (double-q???$ incommensurate???)??????








C = (gJmB)2S(S+1)=3kB (2.2)
qmag = 2J(0)S(S+1)=3kB (2.3)
???????(2.2)???? (2.3)??? gJ?Lande´???S???????mB?Bohr???
kB? Boltzmann??????(2.1)????????????????? c 1? T  qM?
???????????? (Curie-Weiss???)?DyCu???DyAg??????????
??? 2.3(b)?? 2.4(b)???????????????DyCu?DyAg????T  200 K
??????????????????????????????????????? (2.1)
??????????????????????????????????
DyCu : J(0)S(S+1)=kB =  43:2 K
DyAg : J(0)S(S+1)=kB =  54:2 K
??????????? 6?????????????????? DyCu??? DyAg ?
????????? meff = gJmB
p
S(S+1)???????meff = 10:8 mB?meff = 10:9 mB?
????????? Dy3+?????? meff = 10:65 mB??????????DyCu???
DyAg? Dy? Dy3+???????????????????????
2.3.3 ?????
? 2.5?? 2.6?DyCu???DyAg??????????????? 2.5???????




18 ? 2? ????
[2-4]?? 2.6?????????TN = 55:0 K????????????????????







DyCu??? DyAg??????????? 2.7?? 2.8????? 2.7???????
??DyCu??????? (TN = 62:0 K)????????? 2?????? l ?????
?????????? [2-4]?? 2.8?DyAg??????????????? (TN = 55:0 K)
????????? l ??????????????? [5-7]????? 2.8????DyAg
? T1?? (T1 = 48:0 K)????? d ????????? T2?? (T2 = 49:0 K)?????












= g T (2.5)
D(eF)? Fermi?????????????????g??????? (Sommerfeld??)?
??????????????????????D(eF)??? eF??
D(eF) = (3=2)eF (2.6)



































= b T 3 (2.11)
????????????
(2.4)??? 3??Cmag?????????????????????????????
?????? (T  TN)??????????????????????????????

















= aT 3 (2.13)
????T 3??????????a ?????????(2.4)??(2.5)??(2.11)????
(2.13)????????????Ctot ????????
Ctot = g T + (b +a) T 3 (2.14)
2.3. ????????? 21
? 2.9: DyCu?Ctot=T v.s. T 2?
? 2.10: DyAg?Ctot=T v.s. T 2?
22 ? 2? ????
??????????????????Ctot=T v.s. T 2????????????g ????
mel???????????? 2.9?? 2.10? DyCu??? DyAg?Ctot=T v.s. T 2????
DyCu??? DyAg????????????????????????????? DyCu








DyCu??? DyAg?????? (???)?????? (?????)??????? (?
?)????????????????????
 ??????????????DyCu???DyAg??????? (Ne´el??)???
????TN = 62:0 K? TN = 55:0 K???????????
 ??????????? Curie-Weiss????????????DyCu???DyAg?
????????????????????
DyCu : J(0)S(S+1)=kB =  43:2 K
DyAg : J(0)S(S+1)=kB =  54:2 K
?????????????????????????????meff = 10:8 mB? meff =










l ??????????????????DyAg? T1????? T2?? (double-q?
??$ incommensurate???)????? d ??????? l ?????????
?????T1??? 1????????T2??? 2?????????????
 ????????DyCu???DyAg????????????????mel = 1:14mel?
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6 = W (1 j x j)
????F04?F06 ???????? J???????????????O04?O44? 4??Stevens
?????????O06?O46? 6?? Stevens?????????4???? 6?? Stevens
















































?????? 1616??????????J = 15=2????F4 = 60??? F6 = 13860?
????????????? j J = 15=2; Jzi (Jz = 15=2; 13=2;    ;15=2)???HCEF?
?? 1????????????????????????? j i i (i= 1;2    ;16)????
??????? Ei?????????????
HCEFj i i = Eij i i (3.4)
3.2. ???????????????? 27
? 3.1: Dy3+??? (J = 15=2)???????
???????????????????????????Dy3+????????????
?? 3.1????Dy3+???? J??? (16???)?????????G6 (2???) + G7 (2
???) + 3G8 (4???)??????????DyCu???DyAg????CsCl? (Pm3¯m)
?????????????????Oh (m3¯m)????????W ??? x??????
??????
W < 0 ??  1 x< 0 ???? W > 0 ?? 0 x< 1
??????Dy3+???????????????? G7 (2???)??? G8 (4???)?
????????
??????????????????????????????? 1???????
????????????OB (G1???)?O02?O22 (G3???)???Oyz?Ozx?Oxy (G5?
??)??????????????????? G1?G3??? G5???????? G3?
G5???????? G8 ??????????????????????????DyCu?
?? DyAg??????????????? G7 (2???)??? G8 (4???)?????
?????DyCu???DyAg????????? G8 (4???)????????? G7 (2






? 4 f ???????C4 f ??????????















D(eF)k2BT  gT (3.7)
????D(eF)? Fermi?????????????????g??????? (Sommerfeld
??)????? 3?? 4 f ???????C4 f ???????????????????
??????????? Schottky??CCEF???????????????Cmag? 2??
?????????????????????? Cquad ???? 3???????????
?????
C4 f = CCEF + Cmag ( + Cquad) (3.8)
?????????????????????????????????????????
????????????Cmag  0?Cquad  0????(3.8)???






?????? j i i (i= 1;2    ;16)????????? Ei?????Dy3+??? 1????
?????????????? ECEF????????????














































SCEF = kB ln WCEF (3.13)
??????????????(3.12)???? (3.13)??????CCEF ??WCEF????
??????????????????? (???)??????????DyCu???DyAg











????????????? Y3+ ??????? (Dy3+: 175 pm?Y3+: 180 pm)[6]???
??YCu?? 140 K???????? CsCl????? (??? Pm3¯m)????? FeB??
??? (??? Pnma)??????? (?????????)???????? [7]?DyCu?
??????? DyxY1 xCu???????????????????????????
??????????????????Dy (99.9 %)???Y (99.9 %)?Ag (99.999 %)?
????????????????????????? DyxY1 xAg (x= 0:03?0.05?0.07?
0.10?1.00)??????????????????????????????? Quantum
Design?? PPMS (Physical Property Measurement System)???????????????
???????DyAg????? 2? 100 K???DyxY1 xAg????? 2? 60 K????
???????????DyAg? Ne´el??? TN = 55:0 K?????
3.5 ???????
3.5.1 DyAg??????????
? 3.2(a) ? DyAg ???? Ctot ??????????T1 = 47:9 K ??? T2 = 49:0 K?
TN = 55:0 K????Ctot?????????????????????????????
??????????????????????T1 ? triple-q????? double-q ???
?????????????T2? double-q??????????????????????
TN?????????????????????? (Ne´el??)?????? [8-10]?
???????????????????Ctot??????Cph ?????? 4 f ???
?????C4 f (= Ctot Cph)?????????DyAg?Cph???????????YAg
????????????????????????????DyAg?C4 f ???????
? 3.2(b)???????C4 f ????? S4 f ???????? 3.2(c)??????????
????????T  TN?????S4 f  kB ln8??????????Dy3+???? E = 0
?? E  kBTN?????????? 8???????????????????????
? 8???????????????????
3.5. ??????? 31
? 3.2: DyAg? (a)????(b) 4 f ??????????? (c) 4 f ????????????
???????
32 ? 3? ??????
? 3.3: DyxY1 xAg? 4 f ???????????????
3.5.2 DyxY1 xAg??????????
??????DyAg????????????????????????Dy3+ ????
E = 0?? E  kBTN????????? 8?????????????????????
????? DyxY1 xAg???????????????????????? 8?????







TH  9 K?????????????????????????????????????
???????????????????????????????????????
? 3.4?Dy0:03Y0:97Ag?C4 f ????????????????????? DS4 f ????
????????????S4 f ????????????kB(ln 8  ln 4)?????????
3.5. ??????? 33
??????????????????WCEF = 8   4 = 4????????? G8 (4?
??)??? G6 + G7 (2??? + 2???)???????????????T > TH???
?????????????????kBTH < E < kBT ????????????????
??????????????0 E < kBTH????????? 4???????????
? 3.1?????????????????????????????????W < 0??





(3.11)????????????? G(3)8 (4???)????? 1???? G
(2)
8 ??????
?????????????0 E < kBT ?????G(3)8 ? G(2)8 ????????????






















??? TH  9 K??????????? G8????? 1???? G8?????????
? DE=kB  22 K???????
?????????????DyAg????????? G(3)8 ?????????????
???Morin & Amara??????????????????????? [2]????DyAg
????????? G8?????????????????G3?????? G5????
????????????DyAg????????? O02?O22 (G3???)??? Oyz?Ozx?
Oxy (G5???)??????????????DyCu? DyAg??????????DyCu
34 ? 3? ??????
? 3.4: Dy0:03Y0:97Ag? (a) 4 f ????????? (b)???????????????
3.6. ?? 35




????4 f ????????C4 f ?????????? S4 f ??????????????
??????
 DyAg? T  TN?????S4 f  kB ln 8????????????????????
Dy3+???? 0 E < kBTN?????????8????????????????
 DyxY1 xAg????????DyAg????????? G(3)8 (4???)???????
? 1????? G(2)8 (4???)????????????????????????
? 1?????????????? DE  22 K??????
 ???????? G8????????????DyAg?????????O02?O22 (G3
???)?Oyz?Ozx?Oxy (G5???)???????????
 DyCu????????? G(3)8 ???????????? O02?O22 (G3 ???)?Oyz?
Ozx?Oxy (G5???)??????????
????
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????KG? KG(ri r j)????????hQGi? QG(ri)?????????(4.3)???
? (4.5)????????????????????????????????????



































????????????????????????? F ? (4.6)???????????
??????????????????????





























?????????????????CB = (C11+ 2C12)=
p
3???????? OB(G1 ??




CG = C0G  
Cquad
T   Qquad (4.11)



































































































































































































??????????????????Dy (99.9 %)?Cu (99.99 %)??????????
?????????????????DyCu?????????????????????
????????? (FZ?:Floating Zone method)????????? (???? 5.0 mm/h)
???????????? X????? Laue?????????????? f1 0 0g??
?????????????????????????Dynamic Resonance Systems???
??????????????????????? 200 ? 800 kHz???0.1 kHz???
?????????????? Quantum Design?? PPMS (Physical Property Measurement
System)????????????????????PPMS??????????????




DyCu????????? CsCl? (Pm3¯m)???????????? C11?C12?C44 ?
3 ???????????????????????????????????? CB =
(C11+2C12)=
p
3?C0 = (C11 C12)=2?C44???????? 4.1????????????
??Ne´el??TN = 62:0 K?????CB???C0????????????C44?TN = 62:0 K
?????????????CB?C0?C44??????????????? (?????)?
42 ? 4? ??????????
? 4.1: DyCu????? (a)CB = (C11+2C12)=
p
3??? (b)C0 = (C11 C12)=2?C44???
????
4.6. ?? 43
???????????????????? (? 4.1??)?? 4.1???????????
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????????????Kondo & Yamagishi?????DyAg??? 3????????
??Ale´onard & Morin?????????????????????? [3,4]?Ubukata??
Ale´onard & Morin?????Kondo & Yamagishi???????????????????
???????????????????????DyAg????????????????






???????????????? [7]?Kakeya & Yoshii?????DyCu???DyAg?
?? 3?????????????????????????Ubukata??Amara????




???????????????????????????????? [1 1 1]??????
????? 1????????? (FM-I111)???????FM-I111???????????





? 5.1????????????? FM-I111???????????? [7,8]?A????
??????????? h1 1 0i???????????????B?????? C???




















































d (kq g) f 2(k)












?????????(5.2)???? (5.3)????k = g????????????????
??????k = gq????????????????????? 5.1???????
???????????? q = h12 12 0i??? q = h14 14 0i?????????????k?
??????????????????????????????????(ds=dW)nuc = 0
????(ds=dW)mag?????????????? 12 1¯2 0????????(5.1)??(5.3)
??????????????? 12 1¯2 0???????????
IA modelFM I111 =IAFM = 11=8
IB modelFM I111 =IAFM = 3=4
IC modelFM I111 =IAFM = 1=4
????????IAFM??????????? (AFM?)???????????????




Dy (99.9 %)? Cu (99.99 %)??????????????????????????
??DyCu?????????????????????????????? (FZ?:Floating
Zone method)????????? (???? 5.0 mm/h)???????????? Laue?
?????????? (1 1 1)??? (1 1¯ 0)?(1 1 2¯)????????????????
48 ? 5? ???????
? 5.2: (a) AFM? (m0H = 0:0 T)??? (b) FM-I111? (m0H = 9:5 T)? 12 1¯2 0??????
??????
????????????????? (JAEA: Japan Atomic Energy Agency)??? JRR-3
?? (Japan Research Reactor No. 3)? T2-4?????????????????????
?? TAS-2(Triple-Axis Spectrometer No. 2)??????? [10]???????? 16.4 nm
(E = 30:5 meV)??????????????????????????? [1 1 1]????
???????????????????????w 2q ??????????????
????????? 10 T??????????????????? 2.8 K????
5.4 ????
? 5.2? AFM? (m0H = 0:0 T)??? FM-I111? (m0H = 9:5 T)? 12 1¯2 0???????
????????AFM?????? IAFM ? FM-I111 ?????? IFM I111 ???????
IAFM???? IFM I111 ???????????????????????????????
????? 12 1¯2 0???????????? 5.3(a)???????? 5.3(b)? 4.2 K???
?????H k [1 1 1]?????????? 5.3?????????AFM??? FM-I111
???????????????????????????AFM????????????
5.4. ???? 49
? 5.3: 12 1¯2 0??????????????




















2 1¯ 0:680:09 0:75
FM-I111???????? 3/4???????????????????????????
?????????B??????????????????????????









H k [1 1 1]?? 1????????? (FM-I111)??????????????????
??????DyCu???????????????????
 12 1¯2 0??????AFM??? FM-I111????????????? 3/4?????
?????????
 12 0 1¯2 ??? 32 1¯2 1¯? AFM?????? IAFM??? FM-I111?????? IFM I111 ?
???????????????? IFM I111=IAFM  3=4?????????????
???
 ??? 12 1¯2 0?12 0 1¯2 ??? 32 1¯2 1¯?????????????DyCu? FM-I111???
???? 5.1??? B?????????????
????
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?? [1-6]??????AFM??? FM-I001??????????? HC1;001?FM-I001??













S(ri) = S0 + S1 exp(iq1ri) + S2 exp(iq2ri) + S3 exp(iq3ri) (6.1)
Q(ri) = Q0 + Q1 exp(iq1ri) + Q2 exp(iq2ri) + Q3 exp(iq3ri) (6.2)
????S(ri)??? ri?????????S0???????S1?S2?S3???????
???????Q(ri)??? ri??????????Q0 ????????Q1?Q2?Q3?




































































































































































































































































































































































































































































































































































































































































































Htot = Hexch + Hquad + HZeeman (6.3)
(6.3)???????????????
6.2.3 ?????????????




 J(ri j)S(ri)S(r j) (6.4)
???????????N ? Dy3+??????J(ri j)? S(ri)? S(r j)????????








S(r j)exp( iqr j) (6.6)

















































HZeeman =   gJmBm0N åi







???????????????????HC1;001 ??? HC1;111 ? 2??????????












































































































































60 ? 6? ???????
??????????? 1???? 2??????????????G1?G2??????
???????? Fourier?? G(0)?G(q1)?G(q2)?G(q3)???????
G(0) = 6G1+12G2 (6.25)
G(q1) =  2G1 4G2 =   13G(0) (6.26)
G(q2) =  2G1 4G2 =   13G(0) (6.27)




















































































DyCu : J(0)S2=kB =  40:2 K; G(0)Q2=kB =  17:4 K
DyAg : J(0)S2=kB =  41:4 K; G(0)Q2=kB =  20:4 K
????Lande´??????????Dy3+?????????????????gJ = 4=3?

























??? J(0)??? G(0)?????????DyCu??? DyAg????????????
DyCu : m0HC2;001 = 11:9 T (??? 11:0 T)







62 ? 6? ???????
????????????????????????????????????????
 ???????? 4?? h1 1 1i?????????
 Cu+??????Ag+????????????????????????????
????
 ?????????????? q = h12 12 0i2pa (a?????)???????
 ?????????????????????????????????????
?????????????????????????????????????????
?????????????? Dy3+?????? 10.0 mB ????? (? 2???)???
?????? 5?????????????
[??]
 ???????? 4?? h1 1 1i?????????
 ?????????????????????
 ?????????????? q = h12 12 0i2pa ???????
 ?????????????????????????????????????
 ???????????? 10.0 mB????
?????????????????????????????????????????












? 6.2: ?????????????????????????????? Zeeman ??
????




















































































 ???????? J(0)???????????? G(0)????????????
J(0)S2=kB =  40:2 K; G(0)Q2=kB =  17:4 K (DyCu)
J(0)S2=kB =  41:4 K; G(0)Q2=kB =  20:4 K (DyAg)
64 ? 6? ???????
????G(0)???DyCu???DyAg????????????????????
?????????????
 DyCu??? DyAg????????????????H k [1 1 0]?? 1?? 2?? 3
????????????H k [1 1 0]?? 2?? 3?? 4????????????
??????????????????????
 ??? J(0)??? G(0)?????DyCu??? DyAg??? 3?????????
??????????????????????????????
????
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6.4. ?? 65
? 6.3: DyCu?????????
Field direction Calculation Experiment
[0 0 1]
m0HC1;001 = 6:6 T m0HC1;001 = 6:6 T
m0HC1;001 = 11:9 T m0HC1;001 = 11:0 T
[1 1 0]
m0HC1;110 = 7:9 T m0HC1;110 = 8:4 T
m0HC1;110 = 19:6 T m0HC1;110 = 20:7 T
m0HC1;110 = 28:9 T m0HC1;110 = 27:4 T
[1 1 1]
m0HC1;111 = 8:0 T m0HC1;111 = 8:2 T
m0HC1;111 = 27:4 T m0HC1;111 = 27:9 T
m0HC1;111 = 30:9 T m0HC1;111 = 32:5 T
m0HC1;111 = 34:3 T m0HC1;111 = 42:3 T
? 6.4: DyAg?????????
Field direction Calculation Experiment
[0 0 1]
m0HC1;001 = 7:3 T m0HC1;001 = 7:3 T
m0HC1;001 = 11:9 T m0HC1;001 = 10:2 T
[1 1 0]
m0HC1;110 = 8:5 T m0HC1;110 = 8:9 T
m0HC1;110 = 20:3 T m0HC1;110 = 21:3 T
m0HC1;110 = 30:6 T m0HC1;110 = 26:2 T
[1 1 1]
m0HC1;111 = 8:3 T m0HC1;111 = 8:3 T
m0HC1;111 = 29:2 T m0HC1;111 = 30:7 T
m0HC1;111 = 33:4 T m0HC1;111 = 35:4 T
m0HC1;111 = 37:7 T m0HC1;111 = 40:6 T
66 ? 6? ???????
? 6.3: DyCu??????? (????????)?
6.4. ?? 67











?????????????Dy3+???????????? G(3)8 (4???)????? 1?
???? G(2)8 (4???)?????????????????????? G8??????
??????????????O02?O22 (G3???)???Oyz?Ozx?Oxy (G5???)???
???????????
? 4????DyCu????????????????????CB = (C11+2C12)=3 (G1
???)???C0 = (C11 C12)=2 (G3???)???????????C44 (G5???)??
???????????????????????G5????????????Oyz?Ozx?
Oxy???????????????????
? 5????DyCu??????????????????? [1 1 1]?? 1??????
?? (FM-I111)???????????????AFM??? FM-I111??????????
??12 1¯2 0?12 0 1¯2 ??? 32 1¯2 1¯?????? 3/4???????????FM-I111?????
??? Amara??????????????????????????
? 6????? 2??? 5?????????????DyCu???DyAg??????
?????????????????????????????????????????
???????????????????Zeeman??????????????????
70 ? 7? ??
????DyCu???DyAg????????????????????????????
? J(0)???????????? G(0)????????????
J(0)S2=kB =  40:2 K; G(0)Q2=kB =  17:4 K (DyCu)
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